Presence of matrix vesicles in the body of odontoblasts and in the inner third of dentinal tissue: a scanning electron microscopyc study by Garcés Ortíz, Maricela et al.
Med Oral Patol Oral Cir Bucal. 2013 May 1;18 (3):e537-41.                                                                                                                                                                   Matrix vesicles in human dentin
e537
Journal section: Endodontics
Publication Types: Research
Presence of matrix vesicles in the body of odontoblasts and in the inner third 
of dentinal tissue: A scanning electron microscopyc study
Maricela Garcés-Ortíz 1, Constantino Ledesma-Montes 2, José Reyes-Gasga 3
1 Clinical Oral Pathology Laboratory. Facultad de Odontología, Universidad Nacional Autónoma de México. México, 04510, 
D.F. México
2 Clinical Oral Pathology Laboratory. Facultad de Odontología, Universidad Nacional Autónoma de México. México, 04510, D.F 
3 New Materials Laboratory. Instituto de Física, Universidad Nacional Autónoma de México. Apartado Postal 20-364. México, 
01000, D.F. México
Correspondence:
Laboratorio de Patología Clínica
División de Estudios de Posgrado e Investigación
Facultad de Odontología
Universidad Nacional Autónoma de México
México, 04510 D F
México
cledezma@unam.mx 
Received: 13/07/2012
Accepted: 14/11/2012
Abstract
Objectives: The aim of this report is to present the results of a scanning electron microscopic study on the presence 
of matrix vesicles (MVs) found in human dentine.  
Study Design: Dentin tissue from 20 human bicuspids was analyzed by means of scanning electron microscopy. 
Results: MVs were found as outgrowths of the cellular membrane of the odontoblastic body, the more proximal 
portion of the odontoblastic process before entering the dentinal tubule and in the odontoblastic process within the 
inner third of the dentin. Size of MVs varied depending on location. In the inner third of dentin, they were seen in 
diverse positions; as membranal outgrowths, deriving from the odontoblastic process, lying free in the intratubu-
lar space and attached to the dentinal wall. Sometimes, they were seen organized forming groups of different sizes 
and shapes or as multivesicular chains running from the surface of the odontoblastic process to the tubular wall. 
MVs were present in places never considered: 1) the body of odontoblasts; 2) the most proximal part of the odon-
toblastic processes before entering the circumpulpal dentine and also: 3) in the inner third of dentinal tissue. 
Conclusions: According to our results, MVs not only participate during mantle dentin mineralization during early 
dentinogenesis, they also contribute during the mineralization process of the inner dentin.
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Introduction
Dentin is a mineralized connective tissue with a self 
recovering capacity and has diverse functions. It su-
rrounds and protects the pulpal tissue, gives support to 
cementum and provides elastic back up to enamel (1). 
Dentin tissue is formed by the odontoblasts and their 
odontoblastic processes (OP) which secrete dentin ma-
trix building the dentinal tubules (DT), the peritubular 
and the intertubular dentine. Dentin also contains the 
dentinal fluid some nerves and is classified in primary, 
secondary and tertiary types. DTs contain the OPs 
which deposit a complex matrix formed by collagen 
mainly and non-collagen proteins which later will mi-
neralize (2).
The functional cellular unit of the dentin complex is the 
odontoblast. This cell is the responsible for the main 
dentinal functions: dentin formation; including protein 
secretion and mineral deposition, and with the dentinal 
fluid, it helps in sensitivity to painful stimuli (2-4). The-
se functions are possible because they contain a com-
plex cellular structure consisting in nucleus, nucleolus 
and a group of active secretory units; Golghi apparatus, 
rough endoplasmic reticulum, smooth endoplasmic re-
ticulum and a cytoplasmic prolongation housed within 
the dentinal tubule named odontoblastic process (1). It is 
an active cell responsible for secretion and development 
of dentine, since odontoblast lays down a huge quantity 
of dentin matrix, builds the main corps of the dental 
organ and maintains the basic shape of the tooth.
Since the first description by Tomes (5), the cytoplas-
mic process of the odontoblast has been described as the 
cytoplasmic extension of the odontoblastic body; it con-
tains cytoskeletal proteins, small mitochondria, specific 
molecules for endocytosis, lysosomes, is housed within 
the dentinal tubule and it is separated from the dentinal 
wall by the periodontoblastic space (6). 
Matrix vesicles (MVs) play an important role in mine-
ralization of different mineralizing tissues and they are 
considered the primary nucleation site. In dentin, MVs 
are vesicular bodies found within the OP and they were 
described in the extracellular milieu during the minera-
lization process of the mantle dentine exclusively (7-13). 
To date, MVs have not been reported in other dentinal 
places than mantle of dentine and their morphological 
features were always studied with transmission electron 
microscopy. 
The aim of this report is to present the results of a scan-
ning electron microscopic (SEM) study on the presence 
of matrix vesicles found in human dentine. 
 
Material and Methods 
We analyzed 20 caries free human bicuspids. They were 
obtained from 15 to 21 years old patients undergoing 
orthodontic treatment. All patients were informed on 
the objectives of the study and all the 18 years old or 
older patients and parents of the 17 years old or younger 
patients signed a Letter of Consent, donating their tee-
th to our institution for research purposes only.  Local 
anesthesia using Xilocaine with 2% epinephrine were 
used in all patients and their upper or lower bicuspids 
were extracted with minimal trauma. The crowns of 
teeth were separated from roots making a groove at the 
cemento-enamel junction with water cooled, tungsten 
carbide bur and a high-speed handpiece. Final separa-
tion was made using a chisel and a hammer. Crowns 
were grooved in mesio-distal direction, split in two hal-
ves and immediately immersed in Karnovsky fixative 
solution at 4°C overnight, rinsed in cacodylate buffer, 
pH 7.4 and demineralized in 5% nitric acid aqueous so-
lution. After critical point drying, crowns were moun-
ted in aluminum stubs with colloidal silver, coated with 
a 20 nm-thick gold and examined with a JEOL 2000 
SEM (JEOL, Japan). 
Results
Under SEM, a well developed lining of odontoblasts 
and a band of non-mineralized pre-dentin were seen. 
Odontoblasts were observed as elongated cylindrical 
cells with cytoplasmic prolongations running towards 
dentin. Some of them presented smooth surfaced cellu-
lar bodies, showing numerous round or oval outgrowths 
of exocytotic appearance protruding the odontoblastic 
plasmatic cellular membrane, measuring from 0.7 to 
1.6µ and covering almost entirely the odontoblastic sur-
face (Fig. 1). These vesicles were also identified in the 
membrane of the odontoblastic process before entering 
the dentinal tubule (Fig. 2). In this area, these structures 
were smaller measuring among 0.28 to 0.72µ. 
Searching through the dentinal tissue, numerous simi-
lar structures were found associated to the OPs within 
DTs at the inner third of the mineralized dentin (Fig. 
3). These MVs were vesicular, spherical, smooth sur-
Fig. 1. Photomicrograph of an odontoblast with numerous microve-
sicles bulging from the cell membrane. SEM. 15,000X. Barr. 1µ.
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faced bodies, closely associated to the external portion 
of the OPs’ cellular membranes measuring from 0.11µ 
to 0.32µ in diameter. In some instances; their size was 
very small and they were seen as slight elevations on 
the surface of the OP or were found as large multivesi-
cular structures, formed by coalescence of several or 
numerous MVs (Fig. 3). These multivesicular collec-
tions were of variable size and shape. In some instan-
ces, they formed chains of varying longitude running 
from the surface of the OP to the tubular wall (Fig. 4). 
These structures were frequently seen in zones where 
the peri-tubular dentine showed the presence of rough, 
granular, spheroidal structures, forming numerous mi-
neralized calcospherites. In places where these vesicles 
were seen attached the surface of the DT, it was clearly 
seen that size of the dentinal mineralized calcospherites 
was similar to that of the vesicles (Fig. 4).
As it is seen in figures 3 and 4, MVs clearly derived 
from the cytoplasmic membrane of the OP, isolated or 
in multi-vesicular groups: isolated MVs were seen atta-
ched to the surface of the OP; lying “free” in the intratu-
bular periodontoblastic space or attached to the wall of 
the DT. The MVs forming groups were seen congrega-
ted in irregularly shaped multivesicular groups or they 
were several MVs grouped forming chains with one 
side attached to the OP and the other side secured to the 
dentinal wall.
MVs were observed protruding from the cell membrane 
of the OPs and developing from it by an exocytotic-like 
mechanism. This finding could suggest they probably re-
present dentin matrix vesicles associated to the dentinal 
mineralization process. Careful analysis of the figures 3 
and 4, disclosed that DTs containing OPs coupled with 
the above described vesicular bodies, their walls presen-
ted a granular appearance. This finding strongly suggests 
that these vesicular bodies were matrix vesicles asso-
ciated to dentinal mineralization. This assumption was 
confirmed by the fact that the tubular wall was formed 
by numerous calcosferites. In these areas, these vesicular 
bodies measured among 0.09 to 0.3µ. Comparatively, tu-
bular calcosferites had a similar size (Figs. 3,4). 
Discussion
MVs were originally discovered during ultrastructural 
studies in bone and plate cartilage development (14,15) 
and it is considered they play an important role during 
mineralization of different mineralizing tissues (16-18). 
Fig. 2. Odontoblastic process (asterisk) just before entering the 
non-mineralized dentin (star). Numerous vesicles protruding from 
the cell membrane can be seen (arrows). SEM. 15,000X. Barr. 1µ.
Fig. 3. Inner third of dentin. Odontoblastic process with multiple 
matrix vesicles attached to its surface. Note that peritubular den-
tine is formed by numerous calcified micronodules. Observe that 
size of the microvesicles is similar to the dentinal nodules. SEM. 
20,000X. Barr. 1µ. 
Fig. 4. Matrix microvesicles in different arrangements. Some of 
them forming chains running from the odontoblastic process to 
the dentin wall (arrows), others are attached to the dentinal wall 
only (chevron) and some of them are forming multi-vesicular 
groups (arrow heads). Note that size among vesicles and intra-
tubular micronodules is similar. SEM. 20,000X. Barr. 1µ.
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During tooth development, MVs were identified in early 
dentin mineralization zones only and they are conside-
red the primary nucleation site for the beginning of the 
mineralization process (7,8,13). 
To date, MVs in dentinal tissue were only described in the 
mantle of dentin during its initial development (7,8,11,12) 
and never during late dentinal growth. In this paper we 
present findings showing that MVs can be observed in 
places not previously considered: 1) the cytoplasmic 
membrane of mature, active odontoblasts without evident 
dentin matrix deposition nor association to the minerali-
zation process; 2) MVs were located in the portion of the 
OP before entering the non-mineralized dentin tissue and 
3) they were observed in the inner third of the mature 
dentin. In the above mentioned locations, the presence of 
MVs was not previously reported. 
Using transmission electron microscopic techniques, 
MVs appear as vesicular, roundish or spherical bodies 
with  diameter among 50-200nm, they appear covered by 
a bi-laminar unit membrane and usually contains faintly 
granular material which sometimes it is needle-like mi-
neralized crystals (8,12). During early tooth development, 
MVs can be found in the cell bodies of the odontoblastic 
cells and immersed within the non-mineralized or initia-
lly mineralized dentinal matrix (7,8,10-12). 
MVs were never seen in dentinal tissue using SEM te-
chniques. In this study we found these vesicular bodies 
associated to the cytoplasmic membrane of odontoblasts 
and OPs at different locations showing similar features 
to MVs described in other mineralizing tissues (16-18). 
In the surface of the cell membrane of odontoblasts, we 
found numerous round or oval outgrowths of exocytotic 
appearance, measuring from 0.7 to 1.6µ and covering 
almost entirely the cellular surface of the odontoblastic 
cell body. Similar structures were also observed in the 
most proximal portion of the OP located outside the re-
cently deposited dentin matrix and compared with tho-
se found on the surface of the odontoblasts, they were 
smaller. Also, MVs were found associated to mantle 
dentin formation. In this area, these structures were si-
milar in size and shape to those found associated to the 
odontoblastic bodies and OPs before entering the non-
mineralized dentinal matrix. It was a very surprising 
finding to note that these MVs were also seen associated 
to OPs in the inner third of the dentinal tissue. These 
structures clearly derived from the OPs as exocytotic 
bodies and three growth phases before to reach the ma-
ture mineralized dentin were identified: 1) They start as 
protrusions of different sizes over the OP surface which 
enlarge and grow by filling with matrix substance, then; 
2) they detach from the OP and later; 3) the MVs attach 
over the wall of the DT and starts the formation of a 
micronodule. Sometimes, they can be found in the in-
tratubular space, in other instances, they formed chains 
connecting the OP with the mineralized wall of the DT 
and at times they were identified forming multivesicular 
groups. These results strongly suggest that MVs derived 
from the OP and that may have a function during the 
deposit of the dentinal matrix in the extracellular spa-
ce. As it was demonstrated in this study, MVs attached 
to the inner dentinal wall of the DT had a similar size 
and shape compared with the mineralized calcosferites 
composing the corpus of the tubular dentine. This fin-
ding suggests that these structures play a role in the mi-
neralization process of the peritubular dentine. Taking 
together all the findings from this study, we suggest that 
these vesicular structures are MVs containing secretory 
material susceptible of mineralization in the form of 
calcosferites and that they are not only involved in the 
early dentin formation during development of the mant-
le of dentin. These results also suggest that these MVs 
play an active role in the late dentinal development and 
mineralization processes. 
It is well known that dentin is formed by direct deposit 
of the proteic and non-proteic components of the den-
tinal matrix to the extra-cellular space with the conco-
mitant mineralization (7,10,) and that this phenomenon 
does not involve the presence of MVs. Our results sug-
gest that another mineralization process occurs during 
dentin development. It includes MV formation, detach-
ment from the OP, attachment to the DT wall and mine-
ralization of the dentin matrix within the MV. This con-
tention is supported by the fact that MVs attach to the 
dentinal wall and their similarity in size and shape with 
the neighbor mineralized calcospherites located in the 
peritubular dentine. This is contention is also supported 
by the findings of Agematsu et al (9), they found nu-
merous mineralized bodies surrounded by a membrane, 
containing polyhedral crystals attached to dentinal ca-
nals in human deciduous dentin. 
We like to point out that it is necessary to add new knowled-
ge related to the findings presented in this report. 
References
1. Myers CL, Stanley HR, Heyde JB, Chamberlain J. Primate pulpal 
response to ultraviolet light-polymerized direct-bonding material 
systems. J Dent Res. 1976;55:1118-24.
2. Slavkin HC, Tetreault C, Nimni MN, Bavetta LA. Autoradio-
graphic and biochemical investigations of collagen biosynthesis and 
participation in the dentine extracellular organic matrix. Proc Soc 
Exp Biol Med. 1967;126:439-42.
3. Pashley DH, Nelson R, Pashley EL. In-vivo fluid movement across 
dentine in the dog. Arch Oral Biol. 1981;26:707-10.
4. Camps J, Pashley D. In vivo sensitivity of human root dentin to air 
blast and scratching. J Periodontol. 2003;74:1589-94.
5. Holland GR. Microtubule and microfilament populations of cell 
processes in the dental pulp. Anat Rec. 1980;198:421-6.
6. Goracci G, Mori G, Baldi M. Terminal end of the human odonto-
blast process: a study using SEM and confocal microscopy. Clin Oral 
Investig. 1999;3:126-32.
7. Stratmann U, Schaarschmidt K, Wiesmann HP, Plate U, Höhling 
HJ, Szuwart T. The mineralization of mantle dentine and of circum-
pulpal dentine in the rat: an ultrastructural and element-analytical 
study. Anat Embryol (Berl). 1997;195:289-97.
Med Oral Patol Oral Cir Bucal. 2013 May 1;18 (3):e537-41.                                                                                                                                                                   Matrix vesicles in human dentin
e541
8. Stratmann U, Schaarschmidt K, Wiesmann HP, Plate U, Höhling 
HJ. Mineralization during matrix-vesicle-mediated mantle dentine 
formation in molars of albino rats: a microanalytical and ultrastruc-
tural study. Cell Tissue Res. 1996;284:223-30.
9. Agematsu H, Sawada T, Watanabe H, Yanagisawa T, Ide Y. Immu-
no-scanning electron microscope characterization of large tubules in 
human deciduous dentin. Anat Rec. 1997;248:339-45.
10. Couble ML, Farges JC, Bleicher F, Perrat-Mabillon B, Boudeulle 
M, Magloire H. Odontoblast differentiation of human dental pulp 
cells in explant cultures. Calcif Tissue Int. 2000;66:129-38.
11. Takano Y, Sakai H, Baba O, Terashima T. Differential involvement 
of matrix vesicles during the initial and appositional mineralization 
processes in bone, dentin, and cementum. Bone. 2000;26:333-9. 
12. Massa LF, Ramachandran A, George A, Arana-Chavez VE. De-
velopmental appearance of dentin matrix protein 1 during the early 
dentinogenesis in rat molars as identified by high-resolution immu-
nocytochemistry. Histochem Cell Biol. 2005;124:197-205.
13. Golub EE. Role of matrix vesicles in biomineralization. Biochim 
Biophys Acta. 2009;1790:1592-8.
14. Anderson HC. Electron microscopic studies on induced cartilage 
development and calcification. J Cell Biol. 1967;35:81-101.
15. Bonucci E. Fine structure of early cartilage calcification. J Ultra-
struct Res. 1967;20:33-50.
16. Rosenthal AK, Gohr C M, Ninomiya J, Wakim BT. Proteomic 
analysis of articular cartilage vesicles from normal and osteoarthritic 
cartilage. Arth Rheum. 2011;63:401-11.
17. Yadav MC, Simão AM, Narisawa S, Huesa C, McKee MD, Far-
quharson C, et al. Loss of skeletal mineralization by the simultane-
ous ablation of PHOSPHO1 and alkaline phosphatase function: a 
unified model of the mechanisms of initiation of skeletal calcifica-
tion. J Bone Min Res. 2011;26:286-97.
18. Hosoya A, Nakamura H, Ninomiya T, Hoshi K, Yoshiba K, Yoshi-
ba N, et al. Hard tissue formation in subcutaneously transplanted rat 
dental pulp. J Dent Res. 2007;86:469-74.
